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METHOD AND APPARATUS FOR AVODING 
OR MITIGATING VEHICLE COLLISIONS 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

0001. This application is a national stage of PCT Interna 
tional Application No. PCT/EP2005/013207, filed Dec. 9, 
2005, which claims priority under 35 U.S.C. S 119 to German 
Patent Application No. 10 2004 062496.8, filed Dec. 24, 
2004, the disclosure of which is expressly incorporated by 
reference herein. 
0002 The invention relates to a method for operating a 
collision avoidance or collision mitigation system of a vehicle 
and to a collision avoidance or collision mitigation system. 
0003 Systems for distance and speed control are widely 
known, which not only intervene in a braking maneuver in a 
case of doubt, but also can predict rear end collisions and, as 
a result, minimize the risk for the passengers. In such so 
called “collision mitigation systems' (CMS), all necessary 
countermeasures are already initiated automatically before a 
possible collision with a potential collision object. Thus, the 
known CMS calculates the probability of a collision on the 
basis of driving conditions, distance from the preceding 
vehicle and relative speed. If necessary, the CMS then inde 
pendently intervenes in order to prevent collisions. The tim 
ing for this system intervention is based on a necessary nomi 
nal delay and on a driver reaction time. Before the system 
intervention, a visual and/or audible warning function is acti 
vated in the known CMS. However, there is no additional 
safety function for the vehicle driver in this system. 
0004 German patent document DE 44 11 184 C2 dis 
closes a controllable belt pretightener, which is effective only 
up to a certain pretensioning force before the collision, as 
safety function against a possible collision of a vehicle with a 
collision object. In the case of an actual collision, a second 
belt tightener with increased tensioning force is provided. 
0005 One object of the invention is to provide an 
improved collision avoidance or collision mitigation system 
for a vehicle, and a method of operating such a system. 
0006. This and other objects and advantages are achieved 
by the method according to the invention, in which an existing 
driving space between a vehicle and a potential collision 
object is detected and a first warning function and/or infor 
mation function is activated when a first threshold value is 
reached. A system intervention with autonomous partial brak 
ing combined with at least one further safety measure is 
implemented when a second threshold value is reached. As a 
result, the collision avoidance system becomes much safer 
because, apart from the warning functions already known, 
partial braking is provided even before the actual system 
intervention, according to the invention. At the same time, the 
vehicle driver is additionally warned by the active safety 
function combined with the partial braking in a more time 
critical situation. 

0007 As a first warning function and/or information func 
tion, for example, audible warning signals (e.g., conspicuous 
tones/sounds, Voice outputs or also recommendations for 
actions) or visual warning signals (e.g., light signals) can be 
delivered. Furthermore, it is also possible to provide visual 
warning signals, such as visual instructions for actions on the 
display, or representations of the vehicle and of the obstacle 
on the display, or haptic warning signals (for example vibra 
tions or rattling of the steering wheel). A haptic warning 
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signal can also be belt pulling, which alerts the vehicle driver 
particularly urgently to an impending hazard situation. 
0008. As a further safety measure, fastening of passen 
gers, designed as a safety function, for example in the form of 
belt tightening, can preferably take place. The partial braking 
and the belt tightening not only warn the vehicle driver, but 
also reduce the crash energy, even before a driver reaction. 
0009. In a preferred embodiment of the invention, the 
autonomous braking intervention can be reduced to a value 
which is below a delay required for collision avoidance. This 
has the advantage that the collision avoidance system cannot 
be misused as “distance assistant” but that the avoidance of a 
possible collision presupposes a degree of alertness of the 
vehicle driver. The partial braking can be carried out, for 
example, with a braking acceleration of about maximally 
90% of the delay required for collision avoidance. 
0010. In addition, the braking acceleration of the partial 
braking is advantageously maintained below a maximum 
limit predetermined in dependence on speed. At low driving 
speeds, a higher limit can thus be set for the braking accel 
eration than with higher driving speeds. For example, a brak 
ing acceleration of -4 m/s can be set as a limit at a driving 
speed of up to about 50 km/h, a braking acceleration of -3 
m/s at a driving speed of about up to 150 km/h and a braking 
acceleration of -2 m/s at a driving speed of about up to 250 
km/h 
0011. According to the invention, the system intervention 
for collision avoidance or collision mitigation can be 
designed as autonomous braking intervention and/or as 
autonomous steering intervention which can be deactivated 
on demand by a vehicle driver. For example, the system 
intervention can be deactivated by an emergency braking 
triggered by the vehicle driver. It can also be provided that a 
threshold value calculated from brake pedal travel and brake 
pedal speed is determined for the deactivation of the system 
intervention, for example when at least 50% of the pedal 
travel is reached. 
0012. In an improved system, short or fast braking events 
can be intercepted such as, for example, those shortly before 
overtaking when the vehicle driver approaches a vehicle 
ahead and the passing lane is not free yet. An exit from system 
intervention can also be achieved by an acceleration triggered 
by the vehicle driver and/or by high steering dynamics (for 
example strong or fast steering wheel deflections). When 
system intervention is deactivated, only the audible and/or 
visual distance warning suitably occurs. The collision avoid 
ance or collision mitigation system can thus be intuitively 
deactivated if the driver chooses alternative collision avoid 
ance by giving gas, reducing the braking or by steering. The 
coordinated collision warning which is based on identical 
criteria in each case advantageously provides a continuous 
uniform system. 
0013 The invention also relates to a collision avoidance or 
collision mitigation system for a vehicle, which includes sen 
sors for detecting the environment, for example in the form of 
a radar, a lidar (light detection and ranging), a video sensor 
and/or an ultrasonic sensor as means for detecting an existing 
driving space between the vehicle and the potential collision 
object. The environmental sensors are particularly preferably 
constructed as 77-GHz radar sensors which can advanta 
geously have a range of between about 7 and 150 m with an 
aperture angle of approx. 9°. 
0014. In an alternative embodiment, two 24-GHz radar 
sensors which in each case can have a range of about 0.1 to 30 



US 2009/0037055 A1 

m at an aperture angle of approx. 45' can be constructed 
alternatively or additionally. The use of these sensors advan 
tageously achieves a higher object quality than in the case of 
a known vehicle interval controller with the same sensor 
configuration. Although the same objects are advantageously 
detected in this mannerstanding objects can also be observed; 
Such objects frequently are not detected by conventional sen 
sors, or can be detected too often or wrongly. According to the 
invention, with the given objective of higher object quality, 
the risk of mistriggerings or wrong triggerings can be reduced 
in fact, for example, the reaction of the vehicle driver is also 
utilized for recognizing a situation. 
0015 Using the sensors provided, the objects can be seen 
for a long time and reliably even on curvy roads full with 
multiple lanes. Due to the narrower lane requirements 
achieved by using these sensors, for example, drivers cutting 
in can be admitted later and drivers moving out can be 
released earlier. Furthermore, standing objects can be advan 
tageously taken into consideration if they have previously 
moved. For example, it is possible to take into consideration 
a vehicle which is stopped at a traffic light and which has been 
continuously detected before stopping, oran immobile object 
whose own speed is less than about 72 km/h can be taken into 
consideration if it has previously been detected particularly 
reliably by the sensor. Overall, the sensor system advanta 
geously provides for a reliable interpretation and intelligent 
situation analysis even in the case of critical scenarios. 
0016. In the case of hazard of wrongly positioned objects 
or of soiling, the reliability of the sensors can reach its limits. 
0017. The environment-detecting sensors supply the nec 
essary information for detecting the actual state of the situa 
tion around the vehicle. Using the environment-detecting 
sensors, distance values between the vehicle and obstacles in 
the environment of the vehicle are calculated. In this process, 
the relevant potential collision object is selected and evalu 
ated for an instantaneous collision hazard by means of the 
“time-to-avoid’ and “time-to-brake' criteria. “Time-to 
avoid comprises a period which remains for the vehicle 
driver to subsequently prevent a collision with the potential 
collision object by means of an evasion maneuver, and “time 
to-brake' comprises a period which remains to the vehicle 
driver for Subsequently preventing a collision with a potential 
collision object by means of a braking maneuver. By means of 
these factors, in conjunction with the data recorded by the 
environment-detecting sensors, a situation evaluation can be 
produced by means of which accident-critical situations can 
be accurately predicted. 
0018. The collision avoidance or collision mitigation sys 
tem according to the invention is advantageously activated on 
the basis of the situation evaluation and a vehicle status inter 
pretation. The vehicle status interpretation can be used for 
detecting an instantaneous vehicle status for which purpose a 
distance warning function of a known vehicle interval con 
troller is used. The vehicle interval controller recognizes a 
preceding vehicle by radar and detects its distance and speed. 
As soon as the sensors signal clear track ahead, the vehicle 
automatically accelerates up to the traveling speed desired by 
the vehicle driver. The vehicle interval controller can thus 
predictively select the appropriate speed in the traffic flow and 
adapt it to the respective situation. In this arrangement, the 
vehicle interval controller can always maintain the appropri 
ate distance from the preceding vehicle. 
0019. The method according to the invention advanta 
geously activates a safety function in addition to the known 
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vehicle interval controller function. In this arrangement, an 
analytical controller can output a value for a nominal delay 
required for collision avoidance, which is calculated by 
means of a distance between the vehicle and the potential 
collision object and a relative speed. The relative speed is the 
speed at which the vehicle is approaching the potential colli 
sion object. 
0020 Overall, the activated collision avoidance or colli 
sion mitigation system provides a particularly advantageous 
graded safety function which can be intuitively deactivated 
depending on the reaction of the vehicle driver. If the vehicle 
driver brakes independently, there is advantageously a tran 
sition to the autonomous braking assistance system, devel 
oped in accordance with the invention, which is carried out in 
conjunction with the further safety measure, for example belt 
tightening. 
0021. Other objects, advantages and novel features of the 
present invention will become apparent from the following 
detailed description of the invention when considered in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 illustrates a situation evaluation for activat 
ing the method according to the invention for operating a 
collision avoidance system; and 
0023 FIG. 2 is a functional representation of the collision 
avoidance system. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0024. Identical elements or elements essentially remain 
ing identical are numbered with the same reference symbols 
in the figures. 
0025 FIG. 1 diagrammatically shows a situation evalua 
tion of the method according to the invention. A vehicle 10 
equipped with a collision avoidance system CMS according 
to the invention approaches the rear of a potential collision 
object, represented by a vehicle 11. Both vehicles 10 and 11 
are located in the same lane 19. The vehicle 10 is moving in 
approximately the same direction 21 as the vehicle 11. At a 
time 16, the known distance warning system of vehicle 10 
indicates the last possible time for collision avoidance by 
braking with a braking acceleration of about -2 m/s. 
0026. A line TTB indicates a last time for initiating colli 
Sion-avoiding full braking. The time interval from the instan 
taneous time up to the time TTB thus represents a time-to 
brake which remains for the driver of the vehicle 10 to avoid 
a collision with the vehicle 11 by means of emergency brak 
ing. A line TTA indicates a last time for initiating a collision 
avoiding evasion maneuver. The time interval from the 
instantaneous time to the time TTA thus represents a time-to 
avoid which remains for the driver of the vehicle 10 to prevent 
a collision with a potential collision object 11 by means of an 
evasive maneuver. The time TTB lies before the time TTA if 
the potential collision object drives at approximately the same 
speed (i.e., a collision can still be avoided by a later evasion 
maneuver). When the collision object is stopped, the constel 
lation can be reversed. That is, the time TTA can be before the 
time TTB in this constellation (not shown). 
0027. Overall, the situation evaluation criterion for the 
collision avoidance or collision mitigation system according 
to the invention is the latest possible reaction time 17 of the 
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vehicle driver for still being able to avoid a collision, which 
can be the time TTA or the time TTB depending on the 
situation described above. 

0028. The situation is evaluated on the basis of input data 
detected by the environment-detecting sensors 14. For this 
purpose, object information is determined, for example dis 
tance values from the potential collision object 11, relative 
speed and acceleration. Similarly, data with respect to the 
vehicle's own movement (for example, its own speed and 
acceleration) are detected. From these input data, the colli 
sion hazard is calculated by determining the time TTA and 
TTB. At the same time, a physically necessary uniform delay 
(a phys) is calculated which is required for avoiding an 
impact. 
0029. According to the invention, partial braking is per 
formed with a braking acceleration which is maximally 90% 
of the physically necessary uniform delay (a phys), the maxi 
mum limit for braking acceleration being predetermined in 
dependence on speed. At low driving speeds, a higher limit is 
set for the braking acceleration than at higher driving speeds. 
For example, a braking acceleration of about-4 m/s can be 
set as limit with a driving speed of up to about 50 km/h, a 
braking acceleration of about -3 m/s can be set with a driving 
speed of about up to 150 km/h and a braking acceleration of 
about -2 m/s can be set with a driving speed of about up to 
250 km/h. The maximum braking acceleration which can be 
achieved by the partial braking thus depends on the vehicle's 
own speed and in any case remains below the uniform delay 
(a phys) physically necessary for avoiding collisions. 
0030 Naturally, the braking acceleration is limited only to 
the extent that the driver does not require a higher delay; that 
is, the driver can overcome the limitation by active brake 
operation. 
0031 When a first threshold value 12 defined relative to 
the reaction time 17 is reached, a first warning function and/or 
information function is activated. The warning is preferably 
visual and/or audible. A haptic warning, for example in the 
form of belt pulling, is also possible. 
0032. When a second threshold value 13, which is defined 
relative to the reaction time 17 and which is closer to the 
reaction time 17than the first threshold value 12, is reached, 
a situation with acute rear end collision hazard is assumed and 
a system intervention in the form of autonomous partial brak 
ing combined with a further safety measure, for example 
fastening of passengers in the form of belt tightening, is 
activated. The second threshold value 13 is, for example, 
about 1.4 seconds before the latest possible reaction time 17. 
The first threshold value 12 is at least approx. 1 second, 
preferably 0.8 seconds before the second threshold value 13. 
0033 According to the invention, the collision avoidance 
or collision mitigation system can be deactivated by the 
vehicle driver. There must then be data inputs in the form of an 
operation of vehicle operating elements, particularly via the 
brake and gas pedal and via the steering wheel, and informa 
tion about the vehicle's own movement (speed and accelera 
tion). The driver deactivation criteria are then determined, 
wherein the deactivation condition is determined with respect 
to a steering movement. It is also determined whether the 
vehicle driver brakes less than at the beginning of the warning 
or if the driver gives more gas than at the beginning of the 
warning or even a “kick-down has been carried out which 
must be interpreted as an indication of an emergency situa 
tion. The criteria for deactivation are also met if the corre 
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sponding function is Switched offin a combined menu. If one 
of the above criteria is met, a deactivation signal is output to 
the driver. 
0034 FIG. 2 diagrammatically shows a functional repre 
sentation of the collision avoidance system, with a vehicle 10 
being located on a collision course with a stationary potential 
collision object 20. FIG. 2 shows the spatial positions of the 
vehicle 10, equipped with a device according to the invention, 
in normal travel more than 3 seconds before a collision and 
the vehicle 10' is shown during a “pre-crash phase' (that is, 
less than about one second before the collision). It shows a 
sequence from normal travel via a warning phase (about 2 to 
3 seconds before a possible collision if there is no system 
intervention), a Support phase (about 1 to 2 seconds before the 
collision) and a pre-crash phase (less than 1 second before the 
collision) diagrammatically. The warning phase is used for 
accident avoidance whereas the measures initiated during the 
Support and pre-crash phase are to mitigate the severity of an 
accident. 
0035. The vehicle 10 comprises environment-detecting 
sensors 14 for detecting an existing driving space between the 
vehicle 10 and the potential collision object 20. In particular, 
these are two 24-GHz radar sensors and/or one 77-GHZ radar 
SSO. 

0036. When the first threshold value 12 is reached, means 
15 for outputting a first warning function and/or information 
function are activated. 
0037. The environment-detecting sensors facilitate a situ 
ation evaluation, the individual criteria of which have been 
described with respect to FIG. 1 in order to identify situations 
with an acute rear end collision hazard. 
0038. In addition, a vehicle status interpretation is per 
formed the determining factors of which are, in particular, a 
vehicle's own movement (its own speed and acceleration), 
activation of information and/or warning signals, deactiva 
tion signals, object information and the physically necessary 
uniform delay (a phys). The vehicle status interpretation is 
carried out by a calculation whether the vehicle 10 is 
approaching the collision object 20. In addition, it is deter 
mined whether the physically necessary uniform delay 
exceeds a predetermined threshold of for example 2.5 m/s 
(that is, whether it is high enough to justify an autonomous 
braking intervention). In contrast, at lower values of the nec 
essary delay, it is assumed that the driver can produce the 
delay himself by comfortable braking and autonomous brak 
ing intervention is not required. In addition, it is ensured that 
the information and warning signals are activated during a 
minimum period, for example 0.8 seconds. Furthermore, it is 
checked whether none of the deactivation conditions are met. 
If all criteria are met, a signal with respect to the vehicle status 
interpretation is output which specifies whether there is a 
vehicle status for which autonomous braking intervention 
should be allowed. 
0039. These data are acquired by an evaluating unit which 
uses input data relating to object information and vehicle's 
own movement by means of an analytical controller, to cal 
culate what nominal delay is necessary for correcting a dis 
tance from the object which depends on its own instantaneous 
speed. As an output signal, the controller outputs the calcu 
lated nominal delay which, as described above, is then limited 
in order to eliminate a misuse of the collision avoidance 
system as distance assistant. 
0040. In conjunction with the situation evaluation, the col 
lision avoidance or collision mitigation system is then acti 
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vated. For this purpose, an activation unit is provided with 
inputs for the result of the situation evaluation (acute rear end 
collision hazard), for the limited nominal delay and for the 
result of the vehicle status interpretation. The actual system 
intervention is activated by the activation unit when the cri 
teria “situation with acute rear end collision' and “driving 
state allows autonomous braking intervention' are met and if 
additionally the object detected by sensors is still valid and a 
valid value is available for the limited nominal delay, namely 
a negative acceleration. An output signal “CMS active' is 
then output to the collision avoidance or collision mitigation 
system according to the invention, as a result of which the 
latter is activated. 
0041. When the second threshold value 13 is reached, a 
system intervention with at least autonomous partial braking 
can be activated. The autonomous partial braking is advanta 
geously effected in combination with a further safety mea 
Sure, preferably in the form of passenger fastening Such as, for 
example, belt tightening. 
0042. If the vehicle driver is already braking, the autono 
mous partial braking has a Supporting effect. In the case of 
loss of object or uncertainty, the warning phase and/or the 
Support phase can be bypassed. 
0043. The foregoing disclosure has been set forth merely 

to illustrate the invention and is not intended to be limiting. 
Since modifications of the disclosed embodiments incorpo 
rating the spirit and Substance of the invention may occur to 
persons skilled in the art, the invention should be construed to 
include everything within the Scope of the appended claims 
and equivalents thereof. 

1.-14. (canceled) 
15. A method for operating a collision avoidance or miti 

gation system of a vehicle, said method comprising: 
detecting an existing driving space between the vehicle and 

a potential collision object; 
activating at least one of a first warning function and an 

information function when a first threshold value is 
reached; and 

activating a system intervention with autonomous partial 
braking combined with at least one further safety mea 
sure when a second threshold value is reached. 

16. The method as claimed in claim 15, further comprising: 
carrying out a passenger fastening as a further safety measure. 

17. The method as claimed in claim 15, wherein the partial 
braking is carried out with a braking acceleration which is 
limited to a maximum of 90% of a delay required for collision 
avoidance. 
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18. The method as claimed in claim 17, wherein the brak 
ing acceleration of the partial braking is limited to a maxi 
mum limit, which is predetermined dependent upon speed. 

19. The method as claimed in claim 18, wherein at low 
driving speeds, a higher limit is set for the braking accelera 
tion of the partial braking than at higher driving speeds. 

20. The method as claimed in claim 15, wherein: 
the system intervention comprises at least one of braking 

intervention and autonomous steering intervention; and 
said at least one of autonomous braking intervention and 

autonomous steering intervention is deactivated on 
demand by a vehicle driver. 

21. The method as claimed in claim 20, wherein the system 
intervention is deactivated by an emergency braking triggered 
by the vehicle driver. 

22. The method as claimed inclaim 21, whereina threshold 
value calculated from brake pedal travel and brake pedal 
speed is determined for the deactivation of the system inter 
vention. 

23. The method as claimed in claim 20, wherein the system 
intervention is deactivated by an acceleration triggered by the 
vehicle driver. 

24. The method as claimed in claim 20, wherein the system 
intervention is deactivated by high steering dynamics of the 
vehicle driver. 

25. A collision avoidance or collision mitigation system for 
a vehicle comprising: 
means for detecting an existing driving space between the 

vehicle and a potential collision object; and 
means for activating at least one of a first warning function 

and an information function when a first threshold value 
is reached; 

wherein, a system intervention with autonomous partial 
braking combined with at least one further safety mea 
sure becomes operative when a second threshold value is 
reached. 

26. The system as claimed in claim 25, wherein the means 
for detecting an existing driving space between the vehicle 
and the potential collision object comprises environment 
detecting sensors. 

27. The system as claimed in claim 26, wherein the envi 
ronment-detecting sensors comprise at least one 77-GHZ 
radar sensor. 

28. The system as claimed in claim 26, wherein the envi 
ronment-detecting sensors comprise at least one 24-GHz 
radar sensor. 


